INTRODUCTION
Triton, the largest moon of Neptune, was discovered on October 10, 1846. It has an retrograde, inclined and circular orbit. This unusual configuration has led to the belief that Triton originally orbited the Sun before being captured in orbit around Neptune (McCord 1966; McKinnon 1984) . Therefore Triton hold important clues to the evolution of the solar system. In recent years, generous observations of Triton have been made (Veiga & Vieira Martins 1996; Veiga & Martins 1998; Stone 2000 Stone , 2001 Vieira Martins et al. 2004; Qiao et al. 2007 Qiao et al. , 2014 and the precision of these observations is usually about 0.05 to 0.5 arcsec (Emelyanov & Samorodov 2015) . As the newest Gaia DR1 star catalogue is available (Gaia Collaboration et al. 2016a,b) , the precision of Triton must be further improved and a quite great CCD field of view allows us to calibrate its geometry accurately (Peng et al. 2012) . Furthermore, the high precision of Triton can help improve the precision of Neptune. At present even with the modern planetary ephemeris DE431, measurement uncertainties such as the Earth's atmosphere and star catalog uncertainties limit position accuracies of Neptune to several thousand kilometers (Folkner et al. 2014) . From the statistics conducted by Folkner et al. (Folkner et al. 2014 ) in their figure 67-76, most astrometric observations of Neptune ⋆ E-mail: tpengqy@jnu.edu.cn (KTS) are not more accurate than 0.2 arcsec except the observations made by Voyager 2. As the position and motion of the planets can be deduced from the ephemerides of the satellites (Robert et al. 2011) , the high precision of Triton can help improve the precision of Neptune. Besides, the continuation of observing campaign is necessary for the analysis of long-term physical element, such as the accuracy of the dynamical models (Arlot et al. 2012 ). Thus we must never stop observing, since an observation not made is a missing observation.
The contents of this paper are arranged as follows. In Section 2, the observations are described. Section 3 presents the method of reduction. In Section 4, we make comparisons and analysis of the residuals. Finally, in Section 5, we draw a conclusion.
OBSERVATIONS
Since 2014, we have been engaged in a systematic observation of Triton. All the observations were made with the 1 m telescope at Yunnan Observatory. for the reflector and the CCD detector, see Table 1 . In Table 2, the observational sets for Triton and calibration fields are given for each night. Due to the poor weather conditions or the limited time-allocation on October 16, 2014 , October 18, 2014 , November 3, 2015 and November 21-23, 2016 , no calibration fields could be used to derive the geometric distortion (called GD hereafter) patterns of the field of view. Then the GD pattern of the nearest date is applied for as it was done in our previous work Wang et al. 2015) .
ASTROMETRIC REDUCTION
The reduction procedures were carried out according to Peng et al. (2012) and involved the following: (1) The calibration fields and Triton were processed including determining the centers of stars and matching the stars in each CCD frames with those in some reference star catalogue. Here, the Gaia DR1 star catalogue was chosen as the reference star catalogue because of the large number of reference stars available. However, due to the shortage of proper motions for most stars in Gaia DR1 star catalogue, a value of 0 was adopted for the value of proper motion. As the positions of stars in Gaia DR1 are obtained at epoch J2015.0 (Lindegren et al. 2016 ) and our observations are made near the epoch of Gaia DR1, the effect of proper motions for faint stars can be neglected. Furthermore, as the locations of the stars are randomly distributed in the different fields of view when Triton is observed, the average effect of proper motions to the positional reduction of Triton can be quite cancelled out; (2) An accurate reduction was done including the computations of topocentric apparent position and atmospheric refraction for each matched star in each CCD frame. Then the standard coordinates of each star were calculated. During the computation of the theoretical positions of Triton, the modern ephemeris nep081xl/DE431mx developed by JPL via their Web site http://ssd.jpl.nasa.gov/ is used; (3) The GD patterns were derived from the calibration fields and the pixel positions of stars and Triton were both corrected by using the derived GD. Then the observed position of Triton was obtained by the transformation of the four parameters. The (O-C) residuals larger than 3 times standard deviation have been rejected and 755 (O-C) residuals were obtained. Figure 1 shows the (O-C) residuals of Triton with respect to the observational epochs. In Figure 1 the results with and without GD corrections are also displayed. Table 3 shows the statistics of (O-C) residuals of Triton before and after GD correction. It can be seen the precision is improved after GD correction.
DISCUSSIONS
In order to make a comparison, the stars in each CCD frame are also matched with the stars from USNO CCD Astrograph Catalogue 4 (UCAC4; Zacharias et al. (2013) ) star catalogue. Figure 2 shows the (O-C) residuals by using both Gaia DR1 and UCAC4 star catalogues and Table 4 shows the statistics of (O-C) residuals of Triton by using the two star catalogues. It appears obviously that by using the Gaia DR1 star catalogue the solution has much better agreements and much smaller dispersions in each direction. The mean (O-C) is better than 0.05 arcsec in each direction and the dispersion is better than 0.02 arcsec in each direction. Figure 3 shows a scatter plot of the (O-C) residuals in right ascension and declination with respect to the two different catalogues. It appears that much smaller dispersions can be obtained when Gaia DR1 star catalogue is referred to. To analyse the observations, we also compared our observations with different planetary and satellite ephemerides which can be downloaded from IM-CCE Web site http://www.imcce.fr/ and JPL Web site http://ssd.jpl.nasa.gov/. Table 5 shows the (O-C) residuals by using different ephemerides. From Table 5 , we can see that all ephemerides show a small dispersion, but the agreement varies greatly. Specifically, when the same planetary ephemeris DE431 is used, the solutions show a similar agreement. However, when the same satellite ephemeris developed by Emelyanov & Samorodov (2015) is used, the solutions show a very different agreement. Thus the difference between the satellite ephemerides is very small, but the differences among the planetary ephemerides are evident.
Obviously, DE431 appears to be a relatively better theory.
To compare our observations with other ones, we also list some major observational statistics of Triton. Table 6 lists some typical residuals of the observations. It can be seen that our observations have a smaller dispersion. In Table 6, the mean (O-C) and its standard deviation come from the literature of the author, the theoretical positions are obtained from JPL ephemeris. Table 7 lists an extract of our observed topocentric as- 
CONCLUSIONS
In this paper, we present 755 CCD observations of Triton, the first satellite of Neptune, taken with the 1 m telescope at Yunnan Observatory. During the reduction, the newest Gaia DR1 star catalogue are used to match the stars in the field of view. Comparisons have been made between the observed positions and the computed ones. The result has shown that after GD correction the mean (O-C) are 0.042 and -0.006 arcsec in right ascension and in declination with respect to JPL ephemeris, respectively. The dispersions of our observations are estimated at about 0.012 arcsec in each direction. 
